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The surgical process is a major stressor to patients because it causes psychological distress, tissue trauma, lack of activity, and quasi-starvation (Carli and Mayo 2001) . The surgical process also produces immediate systemic changes and both short-and long-term effects on activity and quality of life (Carli and Mayo 2001) . The pre-surgical process is also stressful because of disease progression, anxiety around the diagnostic process, and anticipation of surgery all of which may interfere with participation in usual activities. For some patients, this pre-surgical stress may be a major contributor to deconditioning and, by the time surgery is scheduled, some patients may to be unable to perform basic mobility tests such as climbing stairs without being dyspnoeic and fatigued.
A novel intervention is to offer conditioning in the presurgical period to combat the stressors of surgery, a process called prehabilitation. A recent review has suggested that prehabilitation may improve surgical outcome, enhance quality of life, speed recovery, and enhance several biopsychosocial outcomes (Carli and Zavorsky 2005) . A challenge in evaluating prehabilitation is that the amount of time available for pre-surgical conditioning is often short, even in health care systems where there is a waiting list for surgical procedures. In order to evaluate the effect on surgical recovery of prehabilitation, it is imperative to identify the measure of aerobic fitness that is most responsive to a progressive, structured, aerobic exercise program offered presurgically. The specific surgical patient population on which we wish to focus is patients undergoing abdominal surgery. These patients have a malignancy, usually in their colon, and thus these patients are especially prone to lose weight throughout the surgical process due to low caloric intake.
The current gold standard of aerobic fitness is a test to directly assess maximal oxygen uptake (VO 2max ). However, this test requires specialized, expensive equipment and must be conducted by trained professionals. Sub-maximal tests of functional walking capacity are simpler to conduct and require only a corridor of at least 20 m and a stop watch. The purpose of this study was to identify the measure of aerobic fitness most responsive to a four week pre-surgical aerobic training program (prehabilitation) in patients undergoing major bowel resection. The identification of the most responsive measure in this pilot study would guide us in future studies of pre-surgical exercise training in the surgical population.
MATERIAL AND METHODS

Design
This study was approved by the Research Ethics Committee at McGill University Health Center. A two-group, within-person, randomized study was carried out. The objective of this pilot study was to test the extent to which variables of aerobic fitness changed over a four week period of prehabilitation in comparison to a four week period of an attention-matched control intervention involving breathing and circulatory exercises. Persons were assigned to these two groups by a random process using a two-to-one ratio of intervention to control. The intervention program is described in Table 1 .
Subjects
This study targeted persons undergoing colo-rectal surgery. This is a group at high risk for poor surgical recovery as the majority of these patients have a malignancy, usually in their colon and, thus, Rating of perceived exertion (RPE) based on the original Borg scale (Borg 1982) . Percent heart rate reserve (%HRR) is based on the original formula by Karvonen (Karvonen et al. 1957) . %HRR is calculated as %intensity × (HR max -HR rest ) + HR rest . This takes into account the individual's actual measured maximum and resting heart rate such each person's exercise heart rate is suited for the intensity required. are prone to lose weight throughout the surgical process due to low caloric intake. Patients who were scheduled for major bowel resection were identified through the participating surgeon (PC).
The following inclusion and exclusion criteria are reported: Inclusion criteria: Age 18 and above: referred electively for colorectal resection for benign (polyposis adenoma diverticulitis) or non-disseminated colon and rectum cancers, for colon reconstruction for nonactive inflammatory bowel disease, or for fibrostenotic conditions that are a feature of Crohn's disease. Exclusion criteria: Excluded were people (i) with American Society of Anesthesiologists health status class 4-5; (ii) with other co-morbid medical conditions interfering with the ability to participate in either group or complete the testing procedures (e.g. dementia, disabling orthopedic and neuromuscular disease, psychosis); (iii) at high risk for a cardiac complication during exercise at home because of severe aortic stenosis, cardiac failure Class IV NYHA, myocardial infarction within 6 months, congestive heart failure, or unstable angina; (iv) with sepsis; and (v) with chemotherapy or radiotherapy during six months prior to the date of surgery. There were additional exclusions based on the results of the initial VO 2max test. For patients with other important co-morbidities (history of cardio-vascular disease, chronic obstructive pulmonary disease, liver or kidney failure), we excluded only those with very low exercise capacities (VO 2max < 12.3 mL/kg/min). Also, persons with a cardiac arrhythmia that manifested during the baseline exercise testing were excluded from further participation.
Persons who met the inclusion and exclusion criteria were invited to an evaluation at the Department of Anesthesia Research Laboratory. At this time, the project was explained to them and Mean ± S.D. are indicated for all columns. The numbers in parentheses in the Changes and % Change columns indicate the 95% confidence interval (CI). The CI is calculated as ± 1.96 (SE). The standard error (SE) is calculated as SD divided by the square root of the number of subjects. The submaximal VO 2 (VO 2submax ) was recorded during the VO 2max test. We measured the submaximal VO 2 at the point at which 70% of the maximum wattage was obtained during the baseline session VO 2max test. informed consent obtained. About 56% of all subjects had colo-rectal cancer, ~22% had diverticulitis, and ~22% had ulcerative colitis.
Measures
In this pilot study, several outcome variables were evaluated before and after 4 weeks of prehabilitation: Those variables are listed in the first column in Tables 3 and 4 . The first occasion was to obtain baseline measurements of exercise capacity from a progressive cycling ergometer test to volitional fatigue (VO 2max test). From this test, approximately a four week progressive aerobic exercise training program was made based on percent heart rate reserve (%HRR) (Karvonen et al. 1957 ) and rating of perceived exertion (RPE) (Borg 1982) for each volunteer. RPE is a self-directed exertion scale that patients can voluntarily indicate the level of difficulty of the test. It was obtained when the VO 2max test was terminated. The program is outlined in Table 1 , modified from a recent review (Carli and Zavorsky 2005) . Volunteers in the prehabilitation group were asked to perform 4 weeks of aerobic exercise training and the control group received basic instructions to prepare for surgery, without an exercise prescription. The volunteers in each group were given a training diary and asked to report whether they exercised or not for each day, and if they did exercise, then they were also asked to report the duration and average HR intensity for the session. The prehabilitation group was given a portable cycle ergometer for home-based training. A physical therapist visited the subjects in the prehabilitation group at home on several occasions during the 4-week home based exercise program to make sure they followed the program as prescribed and make sure they were properly recording their exercise training in their training diaries. The same physical therapist visited the subjects in control group to provide the same amount of attention at the experimental group.
Measurements for responsiveness to training
Three measurements were used to examine responsiveness to aerobic training. Variables obtained at maximum exercise from VO 2max test, submaximal variables obtained from the VO 2max test such as submaximal VO 2 (VO 2submax ) and submaximal heart rate (HR submax ), and functional walking capacity as established by the 6-minute walking test (6MWT) (Enright and Sherrill 1998; Kervio et al. 2003) . The order of measurements for each of the two sessions was the following: (1) 6MWT (10-minute rest) (2) 6MWT (15-minute rest) (3) VO 2max test.
Many studies have shown that the 6MWT is a simple and reliable test reflecting daily life activities (Solway et al. 2001) . Distance walked in 6 minutes and VO 2max are closely related (Cahalin et al. 1995) . Subjects were asked to walk as fast as possible to cover the most distance in 6 minutes along a 15-m corridor. Running or stopping to rest was not allowed and all patients performed the test twice during each session to control for the familiarization of the test (Kervio et al. 2003) .
The VO 2max test was conducted on an electronically braked cycle ergometer (Lode Corival 400, Groningen, Holland). The protocol was a step protocol started with an initial resistance of 30 Watts or 10 Watts (if over 65). The workload increased between 10 to 30 watts (W) every 2 minutes until volitional fatigue. The maximal workload was recorded as the highest wattage over the final full minute of exercise. The test was terminated as the subject reached volitional fatigue pointing to a RPE greater than 17. Heart rate (HR) was recorded using a three lead ECG (Cardiocap/5, Datex Ohmeda, Louisville, CO). Minute ventilation (VE), VO 2 , respiratory exchange ratio (RER), Oxygen pulse (VO 2 /HR), were continuously obtained by a metabolic cart (Sensormedics 2900LV, Yorba Linda, CA). The highest three consecutive VO 2 values (averaged over 20 second intervals) was defined as theVO 2max. We considered the attainment of VO 2max when two of the following four criteria has been met: RER ≥ 1.10, maximal HR (HR max ) > 90% predicted (predicted = 220 -age in years), volitional fatigue, and/or RPE greater than 17.
The submaximal VO 2 (VO 2submax ) was recorded during the VO 2max test. We measured the submaximal VO 2 at the point at which 70% of the maximum wattage was obtained during the baseline session VO 2max test.
Statistical Analysis
To identify the most responsive parameters to training, three indices of responsiveness were calculated for each of the maximal and submaximal exercise variables: effect size (ES) (Kazis et al. 1989) , standardized response mean (SRM) (Liang et al. 1990) , and a paired t-statistic (Deyo et al. 1991) . These indices of responsiveness have been used in conjunction before (Salbach et al. 2001) . Effect size was defined as mean change of the variable between pre-training and post-training divided by the standard deviation (SD) of the variable pre-training. An effect size of 0.0 to 0.2 is trivial, 0.2 to 0.5 is small, 0.5 to 0.8 is moderate, and 0.8 and above is strong (Cohen 1988) . The SRM was defined as mean change of the variable between pre-training and post-training divided by the SD of the change. A t-statistic was defined as the mean change of the variable between pre-training and post-training divided by the standard error (SD divided by the square root of the sample size).
RESULTS
Participants
A total 21 patients participated in the pilot study, 14 (5 female, 9 male) in the prehabilitation group and 7 (3 female, 4 male) in the control group. Two subjects in the prehabilitation group dropped out due to fatigue and malaise. No other remaining subjects had these or any other adverse problems. Participants in the prehabilitation group were, on average 55 years old (SD: 15 years); the average age of control subjects was 65 years old (SD: 9 years). Table 2 presents characteristics of the subjects.
The prehabilitation group underwent 3.8 ± 1.2 weeks (27 ± 9 sessions) of progressive, structured pre-surgical aerobic exercise training (prehabilitation) at 40 to 65% of heart rate reserve (%HRR). The compliance was 74 ± 16%. At the post-training testing session, two participants in prehabilitation group did not give a maximal effort on the VO 2max test and terminated the test prematurely.
Maximal cardiopulmonary variables
The values on variables measuring maximal aerobic capacity are reported in Table 3 . Both groups were very unfit as the average initial VO 2max was on or below the 10 th percentile for gender and age (ACSM 2006) . The majority of subjects were able to perform the VO 2max test as the mean RER was > 1.10 for both groups and > 90% predicted for HR max .
Submaximal cardiopulmonary variables
The values on the submaximal variables are reported in Table 4 . Three submaximal metabolic variables showed changes with training: oxygen consumption, heart rate, and minute ventilation. There was a 13 ± 15% reduction in oxygen consumption (VO 2submax ) at a given submaximal workload (76 ± 47 W) resulting from exercise training ( p < 0.05). The control group did not show the same improvement. Heart rate at the same submaximal workload was reduced by 7 ± 6% with training ( p < 0.05). The control group showed no change. Minute ventilation at the same submaximal workload (VE submax ) was reduced by 9% ± 15% with training ( p < 0.05). The control group showed no change.
Results of the 6MWT were averaged across 2 trials obtained on each test day. All subjects performed the tests twice. Subjects were allowed at least a 10-minute rest between tests. The prehabilitation group showed 8 ± 15% increases (31 m) and control group showed 6 ± 11% increases (27 m) in total distance measured.
Responsiveness to training
The responsiveness to training is presented in Tables 5  and 6 . Peak exercise workload was the most responsive measure to prehabilitation (Small ES of 0.24; SRM = 1.05; t-statistic = 5.47). All other variables measured during maximal exercise showed little change with prehabilitation.
Prehabilitation, however, affected several submaximal cycling measures. When a combined ranking of ES, SRM, and t-statistic was performed, the reduction of HR (at a standard submaximal workload of 76 ± 47 W) was the most responsive to prehabilitation, followed by a reduction in VO 2 , and then a reduction in VE. As expected, none of those variables showed any responsiveness in the control group. When adding the results of the 6MWT (a submaximal walking measure), it was the third most responsive measure, as there was a medium effect of prehabilitation (ES = 0.48). Nonetheless, the control group also showed responsiveness to the 6MWT (ES = 0.27). There was a no difference in these variables when comparing subjects in the prehabilitation group that did more exercise sessions (i.e. ~35 sessions, n = 2) or less exercise sessions (i.e. ~17 sessions, n = 10) due to wide variation in responsiveness to training.
DISCUSSION
The most responsive measure of prehabilitation at peak exercise was the maximal attainable workload. Peak power output increased by 26% due to prehabilitation compared to no change in the control group ( p < 0.05). This demonstrates improved exercise tolerance at maximum exercise. The improved exercise tolerance at maximum exercise is likely due to improved ATP production from glycolysis and not from oxidative phosphorylation. A larger peak power without a concomitant increase in VO 2max suggests that cycling training resulted in higher tolerance to hydrogen ion accumulation in these volunteers due to the increase in ATP production via glycolysis. Furthermore, a lack of change in VO 2max in the prehabilitation group may from the non-compliance of the training program; however, there was good compliance to the program. Physical therapists visited the subjects on 6 separate occasions to monitor the program and provide encouragement during training. Information obtained from the training diaries indicated on average, par- ticipants exercised on 74% of the training days. The degree of change on the submaximal measures of functional exercise capacity supported this degree of compliance as without exercise no changes would have been observed. We observed several improvements in submaximal measures and peak workload with prehabilitation, while the control group observed no changes (except for 6MWT).
While there seemed to be a 10-yr age difference between the two groups, the subjects were randomized into two groups from a computerized program and, therefore could not be altered post-randomization. However, since the subjects are their own controls, this anomaly should not matter.
A change in VO 2max may be not as important as the changes in submaximal variables. The submaximal VO 2 at approximately 70% of the VO 2max test gives us a measurement that is truly functional, and provides a measure of physiological efficiency during submaximal effort. Any reduction in submaximal VO 2 at a given power output indicates an improvement in efficiency, and thus functional reserve. The functional reserve at an absolute submaximal workload improved in the prehabilitation group due to the lower oxygen cost and heart rate observed. A decrease in HR submax indicates that stroke volume was elevated to maintain the same cardiac output. In other words, because the intensity of cycling based on HR decreased by ∼7% and the oxygen cost decreased by ∼13% at a given absolute submaximal workload of 76 ± 47 W, this suggests that a central training adaptation occurred to result in an improvement in functional exercise reserve in these volunteers. The control group, conversely, did not have any improvement in functional reserve, and tended to have worsened reserves as shown by increased HR and VO 2 at the same absolute workload (Table 4) . As such, the data show that the reserve in functional exercise capacity improved around 7 to 13% (depending on whether you look at HR orVO 2 ) at a given absolute cycling workload with about 4 weeks of training in patients that will undergo major bowel resection.
The 6MWT is also a measure of functional exercise capacity in elderly populations (Enright and Sherrill 1998; Kervio et al. 2003) . Even though it had been determined that two familiarization attempts are required to limit the learning effect (Kervio et al. 2003) , we noticed that no learning effect was present in these patients as the 2 nd 6MWT distance was often less than the first. Therefore, we decided to average the two walks together for our analyses. Initially, the 21 volunteers walked 85% ± 15 % of predicted for age, gender, height, and weight (Enright and Sherrill 1998) . Both groups showed an average of increase of ∼30 meters between pre and post tests. One reason for the improvement in the 6MWT in the control group is it may have been related to the experience of participating in a study such as this and undergoing novel exercise test. As both groups filled out diaries of activities, we were able to note that the control group increased the amount of walking they did at home. This may be enough to increase the value on the 6MWT but not enough to induce an effect observable on the other measures. Other reasons include statistical variation and chance.
It might be said that ~4 weeks training period would not be sufficient enough to improve surgical outcome. This question will be better answered in our forthcoming project in which we will recruit more than two hundreds patients undergoing colo-rectal surgery. Also the clinical and surgical outcomes that this study could not address will be addressed in another project.
There has been very limited research on prehabilitation as reported in a recent review (Carli and Zavorsky 2005) . The earliest case of preoperative exercise training was in 11 patients undergoing abdominal surgery (Asoh and Tsuji 1981) . Their exercise program consisted of twenty minute sessions, twice per day for one to three weeks at a HR not above 130 beats/min. The researchers reported fewer postoperative complications and deaths in the prehabilitation group compared 18 control patients (Asoh and Tsuji 1981) . More recently, Arthur and colleagues (Arthur et al. 2000) had 123 patients undergoing coronary bypass graft surgery perform preoperative aerobic exercise training twice per week at 40 to 70% of HRR for about 8 weeks with a duration of 90 minutes per session (including warm-up, stretching, aerobic intervals, cool-down). The amount of time spent in the intensive care unit was two days shorter in the prehabilitation group compared to the control group. As well, the total time spent in the hospital was 1 day shorter in the prehabilitation group. Furthermore, quality of life as assessed by the SF-36 questionnaire improved during the waiting period up to surgery, and 6 months post-surgery compared to the control group (Arthur et al. 2000) . Therefore, there is some initial data to suggest that prehabilitation can be an effective model to improve surgical outcome. None of those studies, however, actually directly measured aerobic fitness (Asoh and Tsuji 1981; Arthur et al. 2000) ; therefore, there is no data on the actual improvement in functional capacity in those patients after training, despite the improvement in quality of life (based on a questionnaire), shortened length of hospital stay post-surgery, and reduced surgical complications (Asoh and Tsuji 1981; Arthur et al. 2000) . We assume that there are not many studies directly measuring functional exercise capacity and to assess responsiveness to various maximal and submaximal variables of aerobic fitness in unfit subjects after following a home-based exercise program. The identification of the most responsive measures in this pilot study will guide us in future studies of pre-surgical exercise training in the surgical population to examine post-surgical outcome. Furthermore, we were able to look at the feasibility of implementing such a home-based program in the surgical population and found that, at least on a short-term basis, compliance is quite reliable. These results demonstrate that patients were highly motivated by the home-based exercise program and the physical therapists that regularly visited patient's home and helped them follow the program.
Limitations of the study
Because the surgical admission is stressful and can cause long period of hospital stays, two subjects refused to complete the post-training VO 2max test. They cited fatigue and malaise. Consequently, we failed to collect complete pre-surgical data on VO 2max on two of the fourteen subjects. Furthermore, of the total amount of prescribed home based training sessions, the prehabilitation group on average completed ∼74% of the sessions. This level of compliance is to be expected in real-life situations among surgical populations as there is always some decrease in exercise adherence, especially for home based (predominantly self-monitored) exercise programs. The authors want to state that this study was conducted as a pilot study. This might help readers understand that the main purpose of this paper was focusing on examining most responsive measures to exercise test and not on surgical outcome.
CONCLUSION
The purpose of this pilot study was to determine the feasibility of a home based pre-surgical aerobic exercise program in patients undergoing major bowel resection and to identify the variables which were most responsive to training. The pilot study revealed that a four-week homebased aerobic exercise program was feasible to implement as compliance was about 74%. Furthermore, in subjects with low initial fitness levels, the exercise program demonstrated that submaximal cycling economy, submaximal heart rate, and peak power output atVO 2max was most responsive to four weeks of prehabilitation. The primary effects of enhancing functional exercise reserve prior to surgery may reduce hospital stay and improve quality of life.
In the future, studies should look at post-operative outcomes in the elderly surgical population after an implementation of pre-surgical exercise program. We are continuing to do so. Prehabilitation could have enormous impact on these patients.
